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-•'l.,- Introduetion •:- -

... Xo Hovember, 1982 routine eoapllng at the Village of Endicott's Ranney 
production veil Indicated the presence' of. vinyl chloride (chloroethene). A 
prelloinary investigation was conducted by Eugene Kudgus, Superintendent of 
Publie Vorks for the Village of EhdlcottV to Inkedlateiy address the problem of 
'vinyl chloride cbntamlhatioh and to.respond, to the concerns .of the Brooiae 
County health DepartiBent and the NTS Departaent of Health.' As a result of the 
atudy. 'the Villa'ge and the Health Department requested that a hydrogeologic 
atudy 1>a conducted to aid in assessing the lapacts of the contamination. In 
April'* 1983 the'.'NTS Departaent of Enylronaental Conservation agreed to provide 
technical assiatance to the Village of Endicott for the purpose of conducting 
the incident response study. 

;.'.'.. TSteiTesult':of this agreement vaa the iaplementatlon of a Level III 
Invest^atloh; ; this is the aost Intensified study outlined in Department 
:groun.diwater cpntaaination response guidelines. It involvea a oource 
invesclsation and 8 field intensive hydrogeologic atudy resulting in a 
xraediation plan and deaigi^. 

' j' ' T9>e goals of the hydrologlc study vera to identify the extent of ground 
water coataaisation in the vicinity of the Ranney collector well, determine 
the oeitrce of contamination and fomiulate a reaedistion plan to minimize the 
'•ffeccs of epntaainatlon oa the Village of Eadlcbtt'e water supply. 

ISia Banney collector well ia a algnlfleant source of water for the Village 
ef Ea^Sa^ott aad provides the aajor portion of the water supply. The quantity 
of vaC^r derived froa this well cannot be replaced by existing vella in the 
Villageffi water'oyataa. Furthermore, the cost of replacing a well of thia 

;;!capablllty la; beyond the financial ability .of the Village: Continued operation 
^of the Sanney :cellector well la iaperativa to provide a potable groundwater 
/Simpply «e the reaidents of Endicott. The threat of groundwater contaalnation 
';jti;at OBey lead to eloeing the well auat be addreased without delay. This report 
Ilj 1, an analyaia of currra and presents possible remedial 
ijatliCorCs. iBscauae ef tt̂ e need to aalntaia thia aourcei of water supply a high 
.pV'iorlSy haa-ibeea placed oa thia aspect duriag all phaaea-of the atudy. 
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II. History 

A. Ranney Collector Well 

.' The Ranney collector well was Installed.in -1948 by the Ranaey Vater 
Collector Corporation, a predecessor of the present day Ranney Corporation. It 
has baen in continuous use since 1950 at various production levela ranging from 
3500-7000 galloiiis per minute (gpm). The .present well production level is 
approxlaately 3700 gpa. 

the Ranney collector well cqnaiata of a 13 foot inalde diameter caiason 
. extending down from the pump house floor 108.5 feet.- The bottom elevation of 
the.caisson iS'720.25 feet above mean aea level (HSL) (Figure 1). Twenty three 
8,'inch screened laterala of'varlous leiagths ere projected horlsontally from the 
caisson in four, tiers (Figure 2 ) . The lengths of the laterals were determined 
by the difficulty in projecting them during installation. Large bouldera block 
many laterals from being extended to the desired lengths 

An analyaia of flow contributions froa each lateral was conducted aa a 
portion of the 1979 well Inapection (Table 1 ) . This revealed a very poor 
diatributioa of flow betweea the tweaty three laterala.. Seven laterala 
:contribute eighty three percent of the flow, nine laterala have no flow and 
four laterala have a cuaulative. flow of leas than two.percent. 

The Ranney collector well is very efficient and;: createa a complex 
groundwater flow pattern. Many factoris ibifluende "the flow.distribution within 
the collector. For the purposes of thXacontamlhation atudy it waa not 
.aeeessary to define the individual compoiienta which deteralne the flow 
diatribution within the tiered lateral systea. 

•h. Contaalnatiea 

In December, 1980, water surveillance oaaplca collected by the KTSDOB 
revealed detectable quantities of chlorinated organlea in the Village of 
,'Endicott's Ranney collector well. Subsequent sampling wss. conducted by the 
MTSpOH in January, Hay, and July, 1981, February, September, November, and 
December, 1982, and the results showed tihe occasional low level presence of 
certain volatile organic chemicals. NYSDOH notified Village officials of the 
low levels of organic contaminants in t)>*|lTP<''^^^P*'^*'" supply, and a meeting 
was held at the NYSDOH regional office in-Syracuae with local offlciala and 
NYSDOH peraonnel to discuss the implications of:the contamiaatioa. 

•The NTS-grouad water ataiidards and liaitatlons are eatabllebed in Title 6 
of the NYSDEC, Official Coapllatioa of Codes, Rules aad Regulationa, Part 703 
(Appeadlx A ) . Two of the orgaaicchealcal's^^ich have been fotmd in aaaplaa 
froa the Rannay. well ara included in Part 703.. Theae chcalcala are vlayl 
chloride and trichloroethylene in concentrationa of 3 and 2 parts per billion 
(ppb), reapectively. The atandarda aatabllahed by these regulationa are 5 and . 
10'ppb, respectively. In reference to cheaicals hot, Included In this list, the 
NYSDOH has issued a guideline that no drinking water shall contain aore than 50 
ppb of any organic chemical or lOO.ppb.of total organic chemicals, and for 
yiayl chloride the guideline is 5 ppb. In light of this criteria, vinyl 
chlpride la the aost critical Of the contamlnanta.found in the vicinity of the 
.Rainney well. ' 
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Table Mo. ,1 

Percentage of Flow froa Bach Lateral 
at a Discharge Bate of 4100 CPM 

Liateral Number 

A-1 
A-2 
A-3 
A-A 
A-5 
A-6 
A-7 
B-l 
B-2 
B-3 
B-4 
C-1 
C-2 
C-3 
C-4 
C-5 
D-l 
»-2 
D-3 
D-4 
D-5 
D-6 
D-7 

• D-8 

Flow Percehtane 

0 
0 
0 
0 
0 
0 

6.4 
0 

1.1 
0 

15.0 
7.5 
3.2 
1.6 
1.1 

15.0 
12.3 
15.5 
3.7 
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. Due to the high levels of vinyl chloride.(with respect to.DOH guidelines) 
Ed%rard P. Bogden, of the NYSDOH Syracuse office, recocosended Imaedlacc action 
be taken,to determine quantities pf vinyl chloride in the. distribution syatem. 
The village of Endicott proposed a sampling plen for individual laterals and 

- the'installation of an aeration system to. decrease the quantities-.pf vinyl 
chlpride'entering the water distribution system. In addition, aamples were 
obtained from various points within the distrlbutloh systea. 

' Samples from laterala D2 and D3, projected in a westerly direction, 
contained 17 to 20 ppb vinyl chloride respectively. The aaoiple results 
indicated that significant quantltlea of ylhyl chloride were transmitted to the 
Boswell Hill and Robbie Hill puap stationa. Little reduction in vinyl chloride 
.concentrations occurred during dlatrlbutlpn throughout the aystem. It waa 
.vdetermlned thatithe aost practical short term method of decreaaing vlayl 
' chloride concentrations in the water supply waa to install aeration equipment 
, in the Ranney well. Due to their yolatile nature, the cbntaainants would be 
stripped from water and discharged with the compressed air. :A compressor and 
air diffuaion equipment was installed and operational by Harch 9, 1983. 

Since the iaatallatioB of thia equipment, quantities of vinyl chloride 
have not ,exceeided 5 >ppb. Host weekly aamplea range from 2 ppb to nondetectable 
quantltlea. Air stripping of vinyl chloride in the caiason.may have been an 
..effective and efficient aethod of reducing concentrations of vinyl chloride in 
: the Village water aupply, however additional raw water analyaea would be 
necessary to prove that laltial coacentratloaa were neceaaarily higher than 
.thoae obaerved after aeratioa. 

iC; The Hydrogeologic ̂  tudy 

M a April,, 1983 NYSDEC iaitlated an lacideat response study. The first 
, phase of thia study included a literature search to deteraiae tbe exlateaca ef 
;all pertiaeat hydro^eplogic data aad the Ipcatioa of possible sources of 
fj,;c6atamiaatloB.' . 

,;i V iaforaaiipa from approxlaately forty wi^lla aad test bo:lngs located withia 
.a 3S0O foot radius of the Ranney well has been gathered. HciSt of theae are 
located to the Iwe ist and northireat of the Ranaey well. S^lcf.ted vella ara 

: diacussed in tha Site Geology section of this report, and th;iir logs are 
...located la Appendix B. LocatioaB and loga of the other wells and borlnga are 
' ccmtalned in Randall (1972). Six of these wells were sampled previoua to the 
;,drilllng phaae of the trackdown atudy. 

Ground water saaples were analysed by; t'l* NYSDOH laboratory in Albany 
.;using EPA aethod 601. The aethod detects 29 priority pollutant chemicals at a 
'•dctectloa limit of 1 ppb. A coeplate list of parameters is in Appendix C. 
I Five of the six veils sampled had ho detectable quantities of priority 
pollutanta as analysed fpr in EPA aethod 601. These wells include the two 
flood relief wella, the tier #1 Stop well, the golf cPurse well aad the well 
located at Hancor Induatriea. Locatipaa of these wella are ehowa oo Figure 3. 
The Kelley well, located apprpxiaately 100 feet to tl>P northwest of the Ranney 
well, contalaed 6 ppb vinyl chloride whan teated on Kay 10, 1983. In addition, 
chloroethaaa, 1, If-dlchloroethane and trans-l,^--dlchloroathena were detected at 
epncentrationa ef 4,3, and 12 ppb, raapectivaly. 
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KEY TO PICDRE 3 

e valla that provided SPologlc. hydrologlc, and w^tar quality data 
, (logs in Appendix B ) , . 

B-l -B^il - DEC Boaitoring valla 
K - K«ll«y vol! 

'O, Toot boriaga Cloga in Appaadix B ) 
TB - bistiag boriago (logs froa Baadall, 1972, ia AppendixB ) 
B-7 - DEC bpriog 

A Valla that prodded water quality data (no loga availabia) 
T - Tier One Step 

.... B — Bancor 
• Bl A B2 - flood Baliaf Valla 

6 - Coif courae well 
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A survey of the Immediate area was conducted to determine possible eourcea 
of contamination. Local industries and old landfill sites were..located. 
Flgute 4 -ahows the location.of three previously used landfills adjacent to the 
golf, course property. The'two small northern sites were municipal landfills 
operated by the Town of Union and the larger, aoutherh site was a. municipal 
landfill[Operated by the Village p£ Endicott. These sites have-not beeo 
operated alnce the late 1970*a. 

industrlea located in tha vicinity'of the golf courae include Hancor, 
lac^, IBH, and Endlcott-Johnson. Due to their remoteness to the site, IBH and 
Endicott-Johnson .were coneidered as unlikely, aources. According to local 
offlciala the chemicfils used by Hancor', Inc. were not compatible with the 
coetaainahta found in the Ranney well. In additloa the onaite Hancor well waa 
aaapied and analysed for EPA 601 priority pollutants. No contamination waa 
-detected. 'However, due to the characterlatica of the Hancor well, lack of 
contaalnation In the water aaaple does not la itself preclude the poaalbillty 
that coatamiaatloa may be preseat oa the site. 

The literature aearch aad aampling of axlstlng veils resulted in no 
conclusive source or eourcea*. Therefore, it vas neceasary to limit the laltial 
drilllag phaae to the.inmedlata area aurroundiag the Raaney vail. 
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III. Drilling, Installation, and Sampling of Honltortng Wella , 

Drilllag v a a begun at th« En-Jola Golf Courae on the veek of June 20, 1983 
. under the supervision of DEC engineering geologists. The drilling contract was 
awarded by the Village of Endicott to Catoh Environmental Services'of Savannah, 
t n , : A total of ten boringa vere completed by the contractor, with nine veils 
being installed. One boring vas abandoned and backfilled, apinaufficlent 
water vas encountered. Following contract termlnatibn three subsequent veils 
were drilled and installed using the Divisioa of Water's auger drilling rig, 
and DEC paraonaal. 

All holes were drilled by the hollow atetg auger aethod. Five foot lengths 
ef auger were edyancod to the dealrad depth, then the well vas installed 
through'the inside of the augers. The augers vere then vithdrawn. leaving the 
well ia place., Soil oempling was conducted by the contractor at 5 or 10 foot 
intervala during the drilllag at the diacretioa of the DEC geologists. A 2 
foot eplit epcon was driven ahead of the lead auger using a 140 pound haaaser. 
Samplisa recovered froa the apoon vere field logged, and placed in jara and 
retainad for laboratory grain else aaalyaia. 

The veils vare coastructed ef 2 iach ateel. pipe, vith Ipw-carboa steel 5 
fopt acreeaa..<ScracnB with 10 slot (O^OIO") or 20 alot (0.020") openings were 
used depending on the aaterlal encountered. The. tops of; the casings extended 2 
to 3 feet above ground aurfaca, and were fitted with locking cape. The holea 
vara backfilled nalag tha cuttiags brought up duriag drilling. Figure 5 
llluatrataa the aoaitoriag wall eoaotructioa. 

Oaee each well was coBplatad, it was developed to reaove the flaer 
aaterlal froa around the ecreen, and thus facilitate the aoyeaent of water into 
the well. Koat of the wella were developed using a compressed air aethod. In 
this ntthod an air line froa a coapraaaor is lowered late the well and the air 
puaped iato tha well forceai water aad fiae aaterlal tb the aurfaca, thua 
cleaaiig the ecraaa. Devalopaeat cpatiauea ttatil the vater comlag to the 
aurfacc ia clear. Oae well was developed by continuous puaplng nalag a large 
perlataltic puap. Puapiag vaa coatinuad iintll the vater cleared. 

Th. procedure outlined below for obtaining vater aaaplaa from tha 
Bonitoring walls vâ a fplloved during every round of aampling. A vater leval 
raading vaa taken in thp wall aad coapared to tiie tbtal well depth, to 
deteraiae the yoluse of standiag water ia the well. Three yolumea of water 
vera then removed froa tha well prior to aoapling. The evacuation waa 
perforaad by using a peristaltic punp, if the Iwater leverwaa within auction 
llaita, or by hand bailing with a atael bailar if. not within the capacity of 
Ithe puap. 

Va'ar aaiaplea were; ebtaiaed vsing a/eodlfiad KaBaarer aaapler. Tbe 
eoapler parBitted water to be ebtaiaad froa whatever depth waa dealred ia tha 
vail* and provided a alaiatm of agitatioa or aeration of the aamplea. Three 40 
•1 . glaaa viala with teflon aeala were filled from each wall. The aaaples were 
atored ia aaica chest nntil dalivered .to the DepairtBent of Health laboratory 
ia Albany. Each Bonitoring wall, with the exception of the final three, was 
eaapled twice, eoae weeka apart. Coaplete aaaple reaulta are included in 
A p p e n d i x D i .'••'.• 
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The drilling of the aonltorlhg welle was carried out in phases. 
Generally, three wells wire inatalled and sampled. After the reaults of those 
aamples were received, three more wells were spotted and. Installed. This was 
done.in an attempt to provide better information for gitlng each auccessiva 
phaae of the drilling. 

The actual aitiag of the wella vaa depeadeat pa varioua factora including: 

a) The orientation and dejpth of the contaminated .; 
laterala in the Ranney Veil. 

. b) The aubaurface geology aa determined from 
exiatlhg veils end borlnga. 

c) Acceasibllity of drilling eltea on the golf courae. 
d) Possible likely directions of eontaainaat aoureaa. 

Figure 3 ahovs the Ibcatioa of the Raaney well, the nonitorlng vella, and 
exiatlhg veils and borings la the atudy area. The firat group of 3 veils, 
B1-B3, vere placed la aa approxlaate arc 600-700.ft. to the aorth and aorthvest 
of the Ranney veil. At the time it was hoped that a test well drilled by the 
Raaney Company in 1948, located 500 ft. due west of the Ranney well could be 
cleaned, redeveloped, end used as a sampling point. Thia eubaequently proved 
tp be unfeasible. Examination pf the.phyaleal and chemical propertlea of the 
cehtamlnants indicated that they would tend to nove in a groundwater eyatem 
with a slightly downward flew component (a fuller discussion of contaminant 
chemiatry le included la a later eectloa), thus it was felt that the monitoring 
wella would intercept the contaminatloa at a aomewhat higher level thaa at the 
laterala ef the Raaaay well. The wella were drilled u d iaetalled ouch that 
the bottoas of the ecreeas ware approximately 20 ft. abbv̂ e the apperaost tier 
of laterala la the Raaaay well. 

Velle B-l, B-2, aad B-3 were eaapled iaitiallyea June 27, 1983. B-l 
• ehpwed minor aaounta ( 10 ppb) of eeyeral organic cpmpounda. B-2 ohowed 100 
^ppb trichloroethylene and IS ppb trans-l,2-dlchlorb^tkene. B-3 had 110 ppb 
.vlayl chloride, 84 ppb traa8-l,2-dichlor6etheae aad 33 ppb^chloroethaae. Siace 
|Br3, furthest te the aorthwest had a high eoaccatratija or vlayl chloride, the 
oext phaae ef drilling waa coaducted further to the w-̂ iat aad aorth. 

AttentipB waa givea to jppaalble aources of the cc ntsmlaatlon tp the west 
iaad aorth. Veil B-4 waa apotted waat-aorth-west of E-3; near Nanticoke Creek, 
laaa attempt to deteralne if any contamination waa being drawn under tha creek 
froa the Endicott landfill. B-5 vaa located at the northveat comer of the 
gplf couree ia the directioa of aa old Tovn of Union landfill. B-6 vaa located 
veil to tha north of B-3 to deteraiae if aay coatamlaatlon vaa aovlng from that 
directioa. 4 

. • ' • ' • ' - ' a . 

. The ecreeas of vella B-4 aad B-5 vere eet at a depth of 50 feet. Veil B-6 
voaeouatared grey clay at 41 ft. Veil Br6 waa drilled 10 ft. deeper vith ao 
change la Bsterial. Exiatlag bpriags to the nerth aad eeet iadicated that the 
clay laytMr vaa quite thick, aad the decision vaa aade to eat the acraen on top 
of the cley. Thua, any contaainatioa algratlng en the ourfeca of the 
lapetBeebla clay could be datactad. 

Vails B-4 aed B-5 were eoaplad oa July 20^ 1983. B-6 vas aet eaapled at 
that tiae baceuae develppaeat of the well vaa not yet coapleted. Veils B-l 
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through B-3 were resampled. B-4 and B-5 had no parameters above detectable 
limits. Results from B-2 and B-3 were fairly consistent with the previous 
aampling, although the vinyl chloride concentration in B-3 vaa lower (99 ppb). 
Veil B-l ahoved'no contamination in the aecond sampling; 

Since no contamination vas evident in B-4 and B-5, the next set of wells 
vaa alted closer to B-3. Hole B-7 was drilled north of B-2, to 50 ft. Gray 
clay waa encountered a t 21.ft., with insufficient water to place a veil. The 
hole vas abandoned and backfilled. Veil B-8 was drilled north of B-3 to a 
total depth of 40 ft. Gray clay was encountered st 28 ft. and the screen was 
aet on top of the clay. A water oample iraa obtained through the augera when 
water waa firat encountered, in addltiba to the sample taken after development. 

, B-9 .was drilled at the aouthweat comer of the golf courise to 50 ft. B-10 
wss drilled diie.-.west of B-8 to 52 ft. Gray clay was encountered at 51 ft. 
Sampling;waa conducted on August 18, 1983. Wells B-4 and B-5 were resampled in 
addition to B-6,B-8,B-9, and B-10 and a well located to the northwest of the 
golf course, at a gaa atatlon on Rt. 17-C .was also sacpled. Results from all 
welle were negative, with tbe exception of 3 ppb chlprpethane in B-9. Vella 
B-6,8,9, and 10 were resampled on September 23, 1983. B-9 ahowed 2 ppb 
'^chloroethane, while all other reaulta were, negative. 

In addition tp the analyses cpaducted for vplatile halogeoated organlea, 
aamplea were ,talcen on July 20, 1983 for priority pollutant metals from wells 
B-l through B-^5. High concentrationa of theae paraaetera could indicate the 
preaence of landfill leachate. Laboratory reaulta for theae analyaea ara 
preaeated ia Appeadlx E. A dlecuaslon of these results la presented ia 
•ubsequent aectioaa. 

Drilllag reruaed duriag the week, of October 24, 1983 using the Dlvlsloa of 
Hater*e recently acquired auger rig. Vella B-5,B-6,B-8,B-9, and B-10 were 
1 pulled and the aaterlals were reused for the subsequent wella. These wells 
vere reaovcd'eiace sample reaults had been negative, and they exhibited little 

I or ao reapbns'a t>' an aquifer puaplng ..teat cbaducted In September (to be 
,.'diacuaaed in,; a... Irter •-'aection).......,,.. ,--' ̂  ;.,-• 
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act IS ft;:4iiaper. at iss ft. this waa done to explore the possibility of 
contaalnatipn migrating under Nanticoke.Creek at deeper levfls than ware 
pravloualy coneidered. B-12 was drilled about 330 ft* vest pf B-3 to a depth 
ef 65 ft. B-13 was drilled 250 ft; north of B-3 to a depth of 65 ft. Samplea 
froa theae three wella were obtained on October 27, 1983. Results of the 
aaalyses were liot received until December 8> 1983 due to laboratory equipment 
breakdown.- B-12 ahowed high concentrations of several organic compound, 
notably chloroethane: (280 ppb) aad vinyl chloride (66'ppb). B-13 contained 50 
ppb chlbrocthane, 17 ppb vinyl chloride, and 64 ppb trana 1-2 dichloroethylena. 
B-ll ahowed 5 pp°j chloroethane. 
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IV; Site Geology ..-. . 

The atudy area ia located in the western portion of the Village of 
Endicott, NY. It consists basically of the En-Jole Golf course, and Is bounded 
on the east by Roundtop Bill, the south by the Siisuqhanna River, the west by 
Nanticoke Ck., and the north by .Haln St; (Rt. 17C). It was within the confines 
of this area that the test drilling.was conducted, hovever, aampling was 
conducted in, and attention vas given to .A>^B4"''b the-north and west, in the 
direction of potential eourcea of contamination. 

The terrain in the Eadlcott area haa been deacribed at a maturely 
diaaected plateau, characterised by the abseoce of flat uplanda and the 
development of flood plaina la the major stream valleys (Coates, 1963). The 
._ Susquehanna River; provides the aajor drainage in the airea, flowing westerly 
lalong the aouthern boundary of the atudy area. Nanticoke Creek, flowing south, 
joins the Susquehanna just weat of the En-Jole Golf Courae (Figure 6 ) . 

The bedrock:underlying the,region consists of Upper Devonian ahales and 
eiltstonea of aarine origin.. Th.eee rocks dip to the aouthweat at about 11 
ft/mile. Locally, at the aite, theae rocks isre burled by 100 ft. or more pf 
unconsolidated sedlaiehts,: with the exception pf a bedrock knob, Roundtop Hill, 
just eaat of the golf coarae. - The bedrock is not an important source of ground 
water, except for individual households:remote from public supply. The rocks 
areof low permeabilityi and bedding planes and joint ayatema provide the 
limited paaaages for ground water novoeat; i ̂  : 

- Pleiatoceneglaciation had a pronounced effect on the region. Ice, 3,000 
ft; thick covered the area, deppaltlng a blanket of poorly aorted till. The 
till la readily evident oh the uplanda and valley aldea. vhlle in the valleya, 
'it haa -been burled by.aubaequent deppalta, or. eroded avay by glacial meltwater. 

, in the waaiag period of slaclatloe, tbe ice apparently waated away ia atagea. 
thl'a eoatlauing piroceaa yieldeid tiremendoba amouhta Of valley-fill depoalta, 
which were drppped ia place froa the waating ice, waahed down valley by 

Vaeltwatar etreaas, or deposited In localised lakes. The total thlckneaa of 
these depoalta ia in the order of 100. to 200 ft. in the atudy area. 

Ice COB tact fee turea deyelopied aloag the ice. oiargia. > Raae terraces formed 
.between the ice ahd the valley waUa, conalatingaalnlypf aand and gravel. 
Later, ailt and clay was depoblted in lakea aear the ice nargla, and aeltwater 

l.tuahing iato the lakeaeveatually capped the fiae sedlatet with aand and gravel 
; outvaah. In placea, large,blocke^f ice detached froa the aain body, aelted in 
: place, leaving depreasiona known aa kettle holes, many of which were 
.'subsequently filled with fiae-gralned flbod plain depoalta. These kettle hole 
I depoalta aay; overly outwaah or Ice cpntact aand and igravel deposits. 

. The bedrock kaob knowaea Roundtop ia cvideace of older glacial advance ih 
;. thie area (Coates, 1963,1981). The pre-glaclal riyer originally flowed north 
j ef Rpundtop. Ice blocking thia chaaaelfbreed water to flow over a bedrock 
, spur to the aouth, cuttlag a new channel, and iaplating,Roundtop as an 
ualaufberg. There are eeveral auch features in the Susquehanna drainage 
eyatea. The valleya on both aldea.of Roundtop were widened and eaoothed by 
aubaequent ice aheet(a). . 
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The golf course.area is located between the present Susquehanna River 
channel bn t̂ ê south,.and the old channel to the north, which lies 

.:approximately under the Main St.-railroad bed .area. The present river channel 
is underlain by 100 ft; or more of coarse, outwash sand and gravel deposits, as 
can,be'seen in the logs of test yells drilled by the Ranney Corporation In the 
1940*8 (Ranney Corp;^ 1947). these wells were located in the vicinity of the 
preaent Ranney well and in the bed of the river immediately to the aouth. 

Figure 3 ahowa the location of existing wells and borings; Logs coiapiled 
by Randall (1972) ahow that the abandoned channel to the north is as auch as 
200 ft. deep, this channel was filled in with fine-grained deposits of clay 
and fine aand. Veil 49-31 (Randall, ̂  1972). encounteredl bedrock at 202 ft. and 
contained 172 ft. of blue clay overlylbg a thin layer of ailty fine eand. 

' These'; eedikenta are consistent with a lacustrine origin, and the Inference that 
can 1)6 drawn is that water ponded in the abandoned channeli .dammed by the great 
thickness of etratifled drift filling the preaeat valley. This lake becaae 
filled vith a considerable thickness of fine grained sediment, tb such shallow 
depth that outvash could prograde across the remaining water as deltaa 
(RandaUs written coamualeatlon, 1984). 

j The golf potirae area is a transitional area, between thick lacuatrine clay 
ls( the north,,ead coarae outwash deposits la the south. It waa hoped that the 
t**t veil drilling would further define where the Clay plnchea out or 
interfingera with the outvash sand and. gravel, as this could be a controlling 
area for ground water aovemeht. In addition, if contiamlnation waa migrating in 
the ground water on the aurfaee of the clay, it would dlaperae into the aand 
ead gravel,'moving downward toward the Ranney well in thia diacontlnuoua cone. 

' ''- ':.'• • • ' • ' ! - '-.- • ^ ' ' • , . • ! • . . ' . ' • ' . . . 

';!r; The firat group of three wella, B1-B3, penetrated up to 70 ft. of eand aad 
:gravel, .with ao eignlficaat'ilay encountered. B T 4 penetrated 28 ft. of ailt 
; end clay before hitt^g gray eand and gravel. A eimllar aequence waa 
cacoxmtered in B-9 and B-ll to the aouth, end B-12 to the aoutheaat. Thie 

.aequence la conslatent vith that encountered in borings la a;kettle hole to the 
east pf the etudy area in tje Jr. High School area (Raadall 1972; Bolecek. et 
al, 1982). this silt aad clay may repreaeat flbbdplain deposits fllllag a 
large kettle hole rather thii the aore extea'alve lacustriae clay. 

B-6 ia the aorth-central areia penetrated gray clay at Al ft. B-7, drilled 
to SO ft., peaetrated 30 ft. of gray clay before drilling yas halted, and the 
bole vas abandoned. B-8 encountered clay at 28 ft., and B-lO at 51 ft. B-5, 
(irilled to 50 ft. ia the northweat comer of the golf courae did not encounter 
gray clay. The laat hole, B-13, betveen B-3 and B-8 vas drilled to 65 ft. in 
igravel and brovn aand. 

The logs ef the teat veils are in good agreement vith'the surficial 
{geological aap of the erca by Bolecek, at air (1982). The contact betveen the 
' lecustrlae clay aad the ear.i aad gravel, end the location ef the kettle hole 
, ceabe further defined froa the teat drilling. Figure 7 lllustratea the 
j onrficial geology of the atudy area. Figurea 8 and 9 are geologic 
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cross-sectlons through the area, constructed' from logs of the teat vella and 
pre-existing vella. i 
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V. Aquifer PwaplngTest 

An aquifer pumping test vas (conducted at the study area during the veek of 
Septeaber 19, 1983. The test vas conducted in order to define th^ aquifer 
paraaetera of transnlsalvlty (T), and coefficient of otorage (S). • 
Transnissivity is defined as "the rate at vhich vater of the prevailing 
kineaatlc viscosity is transmitted through a unit uldth of the aquifer under a 
unit hydraulic gradient", ̂ lle coefficient of storage la "the volume of vater 
ea aquifer releases froa or takes into storage per unit surface area of the 
aquifer per unit change in head" (Lohman, at al^ 1972).. In addition, the test 
vould provide insight into the area of influence of the Ranney collector veil, 
end the percentage of vater entering the yell that is derived froa Induced 
infiltration of Suaquehanna River vater. 

' The Banney veil vas used as the puapiag veil,' aad vas pumped at the rate 
of 3700 gallons per alnute (gpm). Normal pumping test procedure calls for a 
period of non-puaplng, sufficient to allov the vater table to recover to atatlc 
level prior to the atart of the test. Follovlng the pumping test, vater level 
ne'aaureaenta are taken during a recovery period. Since, the aupply of vater 
froa the Ranney veil is critical to the Endicott Water Systea, it vas not 
poaalble to ceaae puaplng for aore thaa 24 houra. Thus, the Ranney veil vaa 
shut dovn for 24 houra and recovery vas monitored first, folloved by a 
reaumption of puaplng end the aonltoring of dravdovn. 

Atttoaatic vater level recordera, provided by the U.S. Geological Survey 
vere iaatalled on the Kelley veil and B-l. USGS personnel aaalated ia 
coaductlng the teet. Water levels in veils B-2 through B-10 vere aeasured vith 
either chalked tapea or electric aetera. In addition, river etage vaa 
aonitored at a recorder la Veatal, aad at a etaff gauge la the river oppoaite 
the Boaaey well. 

' Veter leval aeeaureaeats vere teken at dlffereat tiaea during tha summer, 
end eeverel aeaaureaente vere taken in the days prior to the teat in order to 
define eny exiatiag trenda. Figure 10 lllustratea the trends of vater levela 
in the valla from June 22, through December 7, 1983. All tapes and meters used 
'ia tha test vere calibrated to a atandard ateel tape, and correction factora 
'for each vere deteralned. 

I Manual readings vere taken at very abort intervala (30 to 60 aaconda) at 
JBoat vella during the firat 20 mlnutea of both the recovery and dravdovn tests, 
vith Intervala increasing gradually to 1 to 2 hours tovard the latter part of 
, each teat. One person monitored bpth B^4 and B-9, vhlle another monitored both 
B-5 end B-6. These veils are furthest froa the Ranney veil, and vould be 
expected to reapond slovly. . , 

Figures 11 aad 12 represent hydrogrsphs of the veils that responded to the 
teet eufficlently to provide aeanlngful data. Wells B-4 through B-8, and B-10 
ehoved ao detectable response to the test. B-9 responded very slightly during 
the recovery test but rsscted erratically to the drawdoyn phase. A aajor 
rainfall event occurred during the eftcmoon and evening of the dravdovn teat, 
aad ita effecta caa be seen in the hydrographs of the river and the Ranney and 
KaUey welle (Figure 11). 
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The Ranaey, Kelley, and veils B-l through B-3 responded veil to both 
teata. Unfortunately,:the recorder Malfunctioned on B-l part vay through the 
dravdotm. phaae, end the problem vaa aot detected until the end of the teat. 
Table 2 aummaritea the recovery and dravdovn data for responding veils. 

. . - • . . . . - / ' \ 

Table 2: Aquifer Test Recovery end Dravdovn Sumnary 

Well . Recovery Time Recovery(ft> Pumping Time . PravdovnCft) 
• - ' - • ' • ; . ; ' . ' - . • • • - • - • • " • • 

Beaaay 24 bra. 
Kelley " 
»-l 
B-2 
B-3 " 
B-9 p , 

Det^ froa the recovery pprtioa of aquifer teata oftea la aore reliable for 
eelculeting equlfer peraaetere than the dreydovn data, aa recovery la aot 
aubject to any fluctuationa ia puap diacharge^ Uafortuhately, the tiae 
liaitatioaa iapoaed oa the Eadlcott test by yillegeyster deaaad preveated 
accurate ealculetloa of paraaetera froa the recovery data for.tyo baalc 
reaaoas. - Firat, ptnping ves not etopped long-enough for e true eliatic vater 
level to be ettaiiied. Secondly, the neceeaity of/abnitoring recovery prior to 
dravdova doce not perait the extrepolatioa of the dravdoya curve beacatb the 
recovery carve, ahieh ie aeceasary ia order to talculate true recovery ead 
Teaidual dravdovn. Sufflcleat dravdovn datavea pbtalBed liovever, to aaalyxe 
the aquifer by various aethoda, thus prpvidiag a good check oa the reaulta. A 
geaeral discueaioa'of theee aethods followa. : 

Dravdoya data vaa aaalysed firat by tha. Jacob noa-equilibrlua atthod, ee 
eutlinedjin Johaeoa Dlviaioa, U.O.P. Zac. (1982). OraydcwB, t d t a i t t , ia 
plotted oni ea arithaetie acala, .aad time* iinca puapiag begea, in ainitee, ia 
plotted ba a logarithaicacaleoaaeailoggrapti paper. .Uader ideal :onditlons, 
all of the data poiata except for the first fev alautcs of the test ihould 
approximate a etraight lioa. Traasaisslvlty ead cdeff-lcieat of atovvge can be 
calculated froa thie plot asiag the follovlng fortnile: ; 

' " i w a . / - ' • ^ ^ ^ ' ' • ' ' ' • - ^ v - - ' ' - . ^ • • • : • . - • ; • - • : • • 

. . A a ' - . , . ; • •'. ;;•' • . ; , - : . ' ' 

vheret T •> tranatBlaalvity in galloaa 
per day per foot .(gpd/ft.) ;' 

Q • puapiag rate i B g a l l o a e , ; -
-••par ̂ Blaute .(gpa)';, \ 

A » m flops of the greph expreeaed 
. aa the cheage in dreydoyn 
acroes: one coaplete. .log -:,.' 

' c y c l e . .•.;-''•' 

t r x t 3 5 - z 
p c o " o 
5" S- =̂  p d 
» rt 2 p o 
g' O rt 2.11 
p — » - • 
S. g: « !» rt 

• g - r t P 
§• " i^ss 

3 »• ^ : = • p 3- 5" 3 
3 P " p 

(1) T -

i ^ m M ^ ^ ^ 
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(2) S 

vheret 

0.3Tt^ 

S • coefficient of storage 
(d.imenslonle'ss).' . 

T » transmisslvity (gpd/ft) 
t. •• Intercept of straight line 

aero dravdovn, in daya 
r ^ distance in ft., from pumped 

veil to obaervatlon veil. 

A veil diacharging from an aquifer adjacent to, and hydraulically 
connected vith a:source of recharge, auch aa the Suaquehanna River, ultlaately 
deriveaauch of ita vater from Induced infiltration from this source. The 
existence of such a hydraulic connection betveen the aquifer and the river had 
already been established by the Ranney Corp. in a teat conducted In 1947 
(Ranney Corp., 1948). 

Aa pumping continues^ dravdovn ihcreaaea, and the cone, of dravdovn around 
the pumped veil expanda until it interaecta enough recharge to sustain ita 
yield. At thia point, the rate.of dravdovn slova; This is reflected in the 
time-dravdovn plota for the Ranney and Kelley veils by a flattening of tha 
elope of the curve. Thia portion of. the. curve cannot be uaed in computing 
transmissivity, as the resulting valuea reflect inflltratlbhrof river vater. 
The portion of the curve prior to the flattening of the elope,auat be uaed, ae 
thia repreaenta the actual dravdovn of ground vater in the^aqulfer in respoase 
to the puapiag,rate. Figurea 13-17 ahova the tiae-dravdovii plots, and the 
celculatlona froa each. Aa can be aeen froa the 8raph, induced recharge froa 
the river occurred after ebout 20 aiautee et the Ranney veil. 

Trensalssivitiea calculated froa the Ranney end Kelley veil data range 
froa 80,000 to 160,000 g^pd/ft., vhich are reasonable values for aknd and gravel 
aqulfere. ExaBination Of the gtapha frot> B-l,B-2, and B-3 ahovs no flattening 
of the curvaa, from recharge effect. Tranaalssivlties.calculated froa the 
elopes of thesis plots yield enom:>lously high valuea. The problem lies in the 
fact that the "Q" value, or puâ xiige rate of 3700 gpm la too,high for these 
veils vhich are conaiderably futriher from the recharge:.aource. It auat be 
coneidered that after,about 20 ainutea of. pdnping,'the Ranney veil la deriving 
aoat of ita;yater froa infiltration froa the river. Thua, it la necessary to 
detamine the approximate contributioh of ground; vater to the Ranney veil froa 
the direction.avay froa the recharge, aource, and adjust the.discharge value 
accordingly.. L-' 

The aethod diacuaaed belov la an atteapt to analyze the data from B-l,B-2, 
laad B-3 in aiaeaningful vay that reaulta in valuea that are conalatent vith 
vhat vould be expected froa the 'Vega of the valla. Compariaon of tha loga of 
the teat yells vith those of the Ranney and Kelley veils auggesta that 
'tranamiasivitlee la the vlclalty of the three test veils vould certaloly aot ba 
nich higher than at the Raaney-Kelley veil area, and night, in fact, be lover 
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Seweral raethoda have been devlaed to determine the percentage of vater 
enterins a veil that ie derived froa a recharge eource. Some of theae aethoda 
require en obaervatlon veil betveen the pumping veil and the recharge eource, a 
condition vhich cpuld.aot be.aet in thia atudy. A aethod by Clover and Balaer 
(19S4) Involves aaiiig. the equifer parameters of transmissivity and coefficient 
of etorage, dietaace te recharge aource, aad tiae alnce pumping began in the 
follovlng foraula: 

t r js 3 5-asl 
p c o "̂  Oi 

£5«Prt: 
«§-rt? 

s ? : 3 
3 •• HIS"! p 3-5-31 3 p p I 
— CQ I 

P I 

^̂^ vwns 

T 
t 

, I 

vhere: x • distance f^oa veil to 
recharge eource la aetera 
tranaalsslvlty in aeters'/day 
tiae froa start of pumping 
In daye 

S • coefficient of atorege 
(diaenaionleaa) 

Since the above forvele requirea tranaalasivity in aetera '/day rather 
than galloaa per dey/ft.» treaaaieaivity auat be celculeted eccordiag to the 
foraula: 

(4) T -

vhere: T • transmissivity la aeters*/day 
Q a puap diacharge in aetera'/day 
a - dravdovn ia aetera 

OslBg data froa the Soaaey vellt 

Q - 3700 spa « 14 B'/BIB - 20160 B*/day 
• 12.2 ft. - 3.72 B 

T -
2.3(20160 a«/day . ,., ... , 

Tba valuea reqalred for Fexaula (3) ara: 

s - 50 a 
T - 989 B«/day 
t * 0.69 daya 
8 - 0.007 

FSsnra 18 abova tbe graph ef Clover end Balaer (l''S4), ead the eolutioa of 
7orBula <3}. The greph yielde e perccatege of contributioas free the atreoa of 
90Z. A study at the Eadlcott South St. veil field deteraiaed that a vail 
•djaceat to the river at that locatioa derived epproxlaetely 942 of it^ veter 
froa the river (Crouad Ueter Aeooclataa, lac, 1978); thua this value appeata 
voaeoBiftla. 
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If lOZ of the t"''^ recharge to the yell 1^ contributed from ground vater, 
then the discharge yalue aust be adjusted from 3700 gpm to about 400 gpm for 
vella B-l through B-P3. Trahsmlsslvities calculated froa the time-dravdovn 
plots using a "Q" of 400 gpm yielded values of 107,755 to 128,755,gpm, 
providing much better agreeaent. ' . • . 

The possibility exists that the ateepenlhg of the tlme-draydoyn curves for 
B-l,B-2, and B-3 aay represent an iBperneable boundary becoming.effective 
either earlier than or almultaneous vith the recharge effect from the river. 
Attempta to analyze the early data prior to the steepening of the curves by ths 
Thels aethod (Johnson Divislioa, U.O.P., Inc., 1982) once ageing yielded 
enoaaloualy high transalaaivity valuea ( 1,000,000 gpd/ft). A longer pump teat 
or another puap teat vith a pumping veil in the vicinity of B-l,6-2, and B-3 
vould be necessary to accurately determine the transmlaalvlty of the aquifer in 
the vicinity of the teat velle, and to verify the validity of the above aethod 
of adjusting the discharge value. 

The diatance-dravdovn aethod provides, a fairly reliable .check on the 
tiae-dravdovn calculations... Plotting dravdovn on an arithaetie scale againat 
diatance froa the puaped veil on a Ibgarithaic acala for vella lying on an 
approximate straight line froa the pumping veil giyea a fairly accurate value 
for calculating transmiaaivity. .The Kelley veil and B-2 lie Oa a aearly 
etraight line froa th^ Banney veil, and vere uaed for the calculation. Ia 
edditioo, the dravdovn valuea for B-l and B-3 vere plotted ae a check on the 
validity of the aethod..; ••,-'.-̂  -'-:.'-•'.••.•'--"..'• • 

The dietance-dravdovn plot (Figure 19) yields a straight liae, vhoaa elope 
vaa uaed to calculate tranaaiealvity. - The ferinula for thie la: 

(4) 5282 
- - ;'a. • iiherii the unite are iae defined ia 

- equatioa (1)"...-..-;...;-

The resulting value ik 124,433 gpd/ft., ead ia la good agreeaent vith the 
tiae-dravdovn deta. Extention of the str<ilghc line to the sero-dravdovn 
intercept glvea the diatance froa tlie .Ranaey veil, in thia direction, at vhich 
n o dravdova vould occur, at.tbe pumpia^ rate of 3700.gpm. Thia dietaace, froa 
"cbe c c a ^ ie 600 ft., or about 90 ft. aorthveat of B^2. . , 

A final calculatloa vaa aade uaing thejniei.8. non-equilibrluffl aethod aa 
outlined in Johnaonplvision, U.O.P., Inc. (1982K and applying it to tha 
Kelley veil data. Dravdovn veraus tiae la plotted on logarithmic paper (Figure 
2 0 ) . The graph la then auperlapbaad on a publlahed "type" curve, ao that the 
plotted poiata ifall oa or fit aoae pprtioa^pf the type curve. A aatch polat ia 
aalected, end froa this point the tiae end dravdoya valuea era uaed in 
calculating the aquifer peraketere. Transaiaaivit^ calculated by this iMthod 
ie 114,600 :spd/ft, \'-

Veluee of tranaalaalvity and cbefficlent of atorage celculeted froa all of 
the above aethoda are auaaaritad in Table 3. AveraglB valuea for tbe aquifer 
appear to befe.tranaaiealvity of 120,000 gpd/ft. end a coefflcleat of otorage 
of .007. 
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Table 3 Susnary of Trahamlaslvlty and Coefficient of Storage Celculatlona. 

Method 

Jacob-tlBe va. dravdova 

Dietaace vis. draiidowa 
Thels-t iae vs . dravdova 

Traasmlssivity 
(RPd/ft) 

80,000 
162,800 
107,755. 
112,340 
128,780 
124,433 
114,600 

, Coefflcleat 
of Storage 

^ ' •' 

0.007 
0.005 
0.007 
0.009 
0.090 
0.010 

Well Data 
. Used 

Saoaey 
Kelley 
B-l 
B-2 
B-3 
Kelley, B-2 
Kelley 
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It should be;aoted that vhea recharge occura, the etraight liae of a 
diataoce-dravdova plot is dlaplaced upvard, vhlle ita elope .freoiaina the aaaa 
(Johnson Dlv., U.O.P. Inc.,1982). While the tranaaissivity calculation ia 
unaffected, the displacement reaulta la'a coefficient of atorage value that la 
higher than the correct one. This la another indication that,a recharge 
boundary haa beea eacouatered. 

Figurea 21 aad 22 ahovcootour aapa of the^vater.table, under puaplng and 
recovery conditiona, coaplled froa data obtained, diiring the equlf er teat. The 
aep ef the vater teble under pumping conditiona vaa conatructed froa vater 
level aeaaureaenta taken prior to. abutting off the Ranney yell. The Ranney 
veil had been diacharging 3700 gpa for veeka and thaa the leyela repreaent a 
eteble condition for that punping rete; The aap ehbva a portion of a cone of 
drevdowa erouad the Raaaey veil that ia elbagated ia e vesterly directioa. The 
eloagatioa probably reflecte the recharge occurriag froa the river, aa veil aa 
che preeeace of the lacuatriae clay to t^* IIA^CI** 

Figure 22 lis a aap of vatcrleyele rcpreaehti^g; e 24 hour recovery period. 
At the ead of the period, yater leVela viere etill rieiag, ead atatlc condltione 
had not beeo ettilhedii n e notable feature oif thia aap ia: that vater levele 
are higher at the Ranney veil, than in the vicinity of B-l,B-2, and B-3 to the 
north. The fairly eteep drop ia vater levela froa ttte aorth of those veils 
coincides vith the edge of the lacuatrine clay, and the ground vater 
coatributioa to recovery froa the directioa vould be small coapared vith tha 
area to the eouth vhere the effects of the river greatly enhance the recovery. 
Thie ground vater "trough" vould'be expected to disappear once full recovery 
end atatlc conditions had been ettelned. It eppeara from theae aapa that 
grouad vater levela aorth of B-8 and B-10 have beea lovered oaly ellghtly by 
the Raaney vail diachargiag at 3700 gpa. 
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VI. Contaminant Chemiatry 

A total of eight organic chemicala haye been detected in ground vater 
aaaplea obtained in the vicinity of the Ranney collector veil. These chemicala 
includei' ' 

• .chloromethane'; ',';'• 
vinyl chloride,:,:-'- •;•.,. '̂-•'; 

.-,,.,.".:.;;•;,.-: chloroethane ,-' 
.;' ;.;\.^--„-'l, 1-dichloroethane -';-•'•'.," 

trees 1,2-dichloroetheae 
''.''chloroform-

broBodichloromethane : .; 
. 'trichloroethylene'. 

Three eltematives exist vhich aay cxpleln this variety of chemical 
coaetitueate. First, a aiimber of chemicala aay have been introduced to the 
aquifer and are.algratiag iadepeadeat of one another. Second,' one chemical 
vith a nuaber pf iBpurltieaakBy have contaaihated the aquifer. Or, third, a 
parent cheaicel aay have, undergone biodegradation yhlle in the aquifer, 
reaulting in a\number of daughter compouoda^ It is uallkely that thia aumber 
of chealcala.yould;..be iadependeatly dlapoaed of. or that a' cheaicel vould 
eoataia thia aumber of iapurities^ yn^^s, the aost likely aechaolsa to explain 
thia variety of chealcala ie biodegredatioa of is pareot cheaical; 

Wood, et el (1981)° heedeaooetreted Vith both iaborat^^ etudiea and field 
data, that certeia videly .need prgeaic cheaicala-ere uaatable in anaerobic 
aqueoue biologic eavironaeate. Aa enviroiiaeht favoring these processes exist 
la ground vater aqulfere. Teble 4 preaeate aany common chlorinated organic 
cheaicela vith their etructure end experiaentel etabllity. Figure 23 displaya 
data froa an experiaeat vhere eaaerobic blodegredetlbn of tetrachloroethyleae 
vee Bonltired. 

The iilgaificeace of the experiaeatal data to thia incident reaponae atudy 
le that rvter a ainimal aaouat of tiae (vith reapect to grouad yater 
velocitie ) the deughter cheaicala caa be fouod ia higher coaceatratioaa thaa 

' the parent cheaicel. Scverel of the biodegradatloa producta have long half 
livaa vith respect to their parent cheaicala and therefore, are peralateat la 
grouad vater evea efter the pareat coapouad ^ y be uadete'ctable. 

In Beay ceaea the aigretion of leadfill leachate aay be cbaractariaed by 
.;!e|evat«d eonceatrr^*ip!iB..of varioua iaorganlc paraaetera. The leading edge of a 
^••'^Vte fl«c£:^/'^^ S^heracterlaed by high alkalinity, chloride, liardneaa and 
''SitTbten epeclea. In reduciag coadltloaa, vhich aay be characterized by high 
ferreue i'-on, eaaoaia ead eulfide cooceatretioa, heavy aetala auch aa copper, 
eedaiua, load aad ehroalua ara aobiliaed. 
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VII. Plseussioa , '. 

The goala of the lacideat.roaponse; study vere to Identify the extent of 
ground vater contaalhatlon iin the yiclhlty of; the Ranney veil. If .possible 
determine and ellalaate the source'of contaalnatloni and.formulate-e 
remediation plan to alnlmlte.. ttie effecta of contamination on the Village of 
Endlcott'a vater aupply. Duriag the courae of the atudy, aa a .result of tiae 
end financial constralnta,, it has been necaaaary to aodify these objectives, 
Hovever, throughout the etudy the continued use of the Ranney production veil 
heo been the priaary-. concern.:. 

Stratigraphic inforaatloa available prior to the iaitiatioa of thia field 
etudy vaa Halted to areae around the periaeter of the atudy area. The 
aonltoring veil installation helped define t^e atratlgraphy and aquifer 
geometry vithin the epeclflc etudy erea, la addition to the primary purpoaea, 
vhich vere to provide locationa for ground vater aamplihg, in an effort to 
delineate the contaalnation plumie, and deteralne the potentiometric aurfaee and 
ground vater flov directione. Theae three purpoaea for monitoring veil 
inatallation b e c a M an integrated to'H* 1' vaa aeeessary to datermlae the 
etratigraphlc unite in vhich contamination exlat8,\^defIne theyaerlal and 
vertical extent of theae unite, and reaolyie the flov directibn betveen the 
unite la aa effort to deteraiae the orlgla of the cbhtaainatioa. 

The exietence of e kettle hole in the eouthveat comer of the golf courae 
vee indicated froa prior eurflclel geological aapplng (Holecek, et al^ 1982). 
The etratigraphlc eequence ylthin thia kettle hole etructure,.end the contact 
betveen it end the outvaah-ice-cbataiet aeade ead jgravela aeeded to be 
deteraiaed. Evideaee from the logs of the Boaitoring veils placed the coatect 
betveea velle B-12 laad B-3 .(Fljgute 7 ) . The etratigraphlc eequeace in the 
kettle hole coaeiota of orgaaic illt aad clay oyerlyiag fine gray aand vith a 
trace of gravel; Slffiificant organic contaialnatioa vaa found in the fine gray 
eend end gravel in B-'.2 and in thie brovn aand and grayel in B-3, indlcatiag 
hydraulic eonaeetioa Uetyeen theee. typ. etratigratphic uaitit. 

Coatiauoua puapli} of the Raaaey veil haa had a algaificaat iapact oa 
eoafiguratloa of. the voteatloaetric aurfaee. The area of lafluenee of the veil 
has beea ahova to be ekiived to the veat and aorthyeat, ylthi ainimal Impact in 
the northern direction. Thie elongeted ehape la^contrblled by the aquifer 
geometry, ae veil aa by the preaeace of the-river aetlag ee a recharge eource. 
A bead of highly cooductlvc aaterlal laVpreaent parallel to the river. Thia 
Baterlal la bordered to the north by a leaa conductive, aaaaive ailt and clay 
l a y e r . .'••:'.'/.••-.'•« \.. V'--̂  Sb:;.!̂ ','.-'•••'-;:..̂ ',,-'':-..''-..--î ;--

The recovery, portion of the aquifer puaplng teat iadicated that the 
aejorlty of the rechevge origiaeted froa the river (Figure 22). If full 
recovery vaa elloyed to take piece, the reaulting ppteatlpactric surface ia the 
vaatarn portioa of the golf couree vould iodicate e aouth to eouthveat 
directioa of ground yater flov, toverd the river and IJantlcoke Ck. Therefore, 
it caa ba reaeonably etated thet the diacharge of 3700 gpm at the Ranney veil 
ie controlling ground veter floy in the eouthern third of: the golf courae area. 

Ia the eree of higheat observed contaalnation, the ground vater flov 
directioa duriag coatiauoua pumplag, as defined by the potentiometric surfsce, 
is froa*northvest to eoutheest. It is ,eppareat that the contaminatloa preaent 

p_ 

' ^ rtl 
ve . 

p r>| 
» m 

3̂  %•* — — I 
Q. 5; " £» rt-l 

• g-rt-pl 
§•• P a 

3 p 
CQ 
P 

m 
z 
d 
d 
d 

r.. 

V 

i ' i l ^ ^ ^ 



L 

T45-

at veil B-12 la originating from, or migrating through the aeml-conflned layer 
of fine gray aand and gravel.beneath the kettle hole, and continuing through 
the outvaah and ice-contact sand and gravel te thie east. This flov direction 
may be noted in the vest-east cross section (figure #8) aa traveling from the 
kettle hole material into the sand and gravel deposits to the east. 

Contaminants have aany properties vhich control thielr 'distribution vithin 
aa aquifer. These, properties include specific gravity and eolublllty. 
Generally, the contamlnanta.present.in the'monitoring yells have; higher 
apecific gravities than yater, and are ellghtly soluble. There.fô ^ they 
ahould t«ad to aigrate vithila the aaturated[thlckne8£i:pf the aiquifer vith a 
allghtly dovavard.flov coapoheat. Lov Iwel.eontaminanta:hovever, do aot 
elvaya follov expected pattema. It can be cpncluded that the plume le at 
leaat II feet thick at the point vhere It entera the laterals of the Ranney 
veil, because contamination la entering frpm.the tvo top tiera of laterala. 
The actual thlckneaa of the plume probably is greater than 11 feet, extending 
above the top tier of laterala. Cloaet to the aoiirce of contamination the 
thlckneaa of the plume vould be expected to decreaae; .. ' 

la order to deteraiae the plume thlckneaa it vould be neceaaary to Inatall 
a neated veil aerlea. Thia cohaists of a aitmber of veils installed la close 
proximity, and e'ereeaed et. yarioua iatervals, vlthla the saturated tblcknesa of 
the aquifer. Thedlatance'betveen. the upper and lover-inpat ecreened Intervala 
that coataia contaialnatioa ie eesuaed to be the\vertlcal thlckaeaa of the pluae 
at that point.' . ••.-•.';'•".'.-:-.'.•;̂  

The cheaietry of the eontaaieaata ves dleeuased ia a previbus eectloa. 
vithla thia report. There exlat a fev iacoaalateticiea betveea actual field 
data aad vhat.ehoiild be expected for the eyatea thet haa beea deacribed. It ia 
cliaracterlred by the eource cheaicel (e), either tetrachloroethyleae aad/or 
trichlorpethylatie, uadergplng biodegradation in a near anaerobic aqueoua 
envlronaent. The daughter producta of biodegradation of these cheaicals are 
lover Boleculer veight rblbrlnated ethenes, ethanea aad aethaaea. Soae of the 
daughter prodiicta ere aore;etable thaa the pareat coapouad vhlle othera are 
leea arable aad degrade iato other geaeratloas of daughter producte. 

Stable daughter products; froa the biodegradation of the eource chealcels 
iaclude vlayl chloride, cis end traaa-l,2-dlehloroethyleac. The cis Isoaer 
predoaiaates la ground yaiter due to biodegradation favoring ite formation ever 
the trana isomer in epproxlaataly a 25:1 ratio. The aost unstable daughter 
coapound noted ia Wood, et al (1981) ia chloroethaaa. This laplies that oaly 
ainlaal coaceatratioaa of chloroethane ahould be fouad ia ground vater 
contaalnatad vith the foreaentioned parent chealcels. Hovever, signifleant 
/concentrationa of chloroethane have been detected vithin the pluae. Ia 
,'addltioa, an anoaalouBly high concentration of trlchloroethyleoe v a a reported 
ia veil B-2 oa ite first aoapliag, but haa not been reported eiace. 

The eleveted trichloroethyleae coaceatretioa aey be ettributable to 
leboratory error. Hovever, concentratloaa of chloroethane have consistently 
been higher then ahould be expected. Thie aey auggeat the preaeoce of an 
aqueoua eayironaeot favorlag the etabiiity of chloroethaaa. The critical 
factor(a) aay be phyaieal aad/or cheaical. But, the factora preseat ia the 
fiae eaada aad gravalfevor the atability ead accuaulatioa of chloroethaaa. 
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If the origin of the. organic chemicals'is. s landfill site, elevated 
concentrations of various, inorganic parameters should be expected. Wella B-l 
through B-5 vere sampled and analyzed for 33. eelected,ln6rgahic parametera. 
The analyses are preaented In Appendix E. The:results reveal Increaaed 
concentrations of some constituehts indicative of landfill leachage in veil 
B-3. Hovever, veil B-5 vhich contains ho organic cphtamlnatlon alao haa 
eleveted cpncentratioiis of many of the key constituents found In B-3. It is 
difficult to correlate the inorganic data-vith analyses from. 601 analyaea. The 
levele of alkalinity and hardness in veil 8-̂ 3 are elightly higher than the 
other 4 veils sampled; hovevek', they are not above the range vhich aight be 
expected for uncontaainated grouad vater ia the Eadlcott erea. 

Ia an effort to.undetstand the quantity of cheaicala ,vhich are responsible 
for the observed cbntamlnatlon, consideration vi^l be given to the vorst caae. 
Well B-12 sampled on 10/27/83 haa the higheat cpncentratlon of organic 
chemicala of all the obaervatlon veils. A total of' 457 iig/l (ppb) of organic 
cheaicala vere. found present using .EPA metli'od.: 601. If ve consider a 
hypothetical aquifer vith the dlaen8iona.2P00 x 400 x 20 feet and 30 percent 
poroeity, it vpiildcbotain apfjroxiaately 1.36 X 10 litera of vater. Oaly 11.2 
galloaa of pure.trichloroethyleae vould be.required to contamiaate thia 
hypothetical aquifer at the level fbuad ia veil B-12.' Or, robghly one drum of 
trichloroethylene haa the potential of creatlog a plume vith theae 
coaceatratioaa tyeaty: feet thick the eiae of &ijpie Golf Couree. 

It le difficult to estiaate the quaatity of chemicala.reapoasible for the 
obeerved contaainatlon at thii Ranney veil. Eyen if a" c^Veaalve drilllag 
program vaa iaatltuted the paraaetera required for euch calculations aay aot be 
available; Boiiever, the priaary objective of deteralaiag the neceaaary 
pareaetera to deei^ the appropriate remedial plan vas echleyed. Ai e result 
of the teet veil drilling aad iastallatioB the general flov direction of the 
contaalnatipn iekapim, the.aquifer parametera aec^asai^ a remedial 
action plea havie-been establfehed, end the extent of cpntaminatlQa In the 
vicinity of thevRepaey yell hea beea deteraiaed. iaafidi^ipp. the ceat 
drilllag haa refined' the uaderetaadlag of: aquifer geometry la the a mthern 
portion of thei golf courae. these: factora all contribute to estab.l'8hlng ah 
accurete Interpretetion of contaminant flov ylthin the vicinity of the Ranney 
v e i l . • • ' • ' : . ' ' ^ " : - ' ^ : ' : . ' • . • • ' ' • ' • . •• •••:•'•' '.••'...' -'x''''::."'',?.." 

' The atudy haa deteralned that the epatafflinationisila.lgratlng tb the Ranney 
well froa the northveat. It app'ara that contamlnanta could eaally migrate in 
thia direction under Nanticoke Creek ylth ainlaal dilution froa aurfaee 
inflltratlpn..; Thia ie due to the presence of eh iapenieable ciay layer, 
eeparat lag .the xreak froa the perveable aaad aad gravel atrata. This clay 
layer ie chcouatered la test velle 8-4^8-9,^-11, ead B-12.4^The contaminatloa 
vould be algratiag in the flov directione follovlng the hydraulic gradient 
indicated in Figure #21. Coateaiaaata originating northvest of veils B-4 and 
B-10 Bight alao migrate beaeeth Neatlcoke Creek, although there la ao evldeace 
lat preaent for en iaperaeeble layer in that vicinity. If ep, dilution of 
contealnated ground vater aay occur ea it aovea underneath the influent atreaa. 
Tha placement of aonltoring velle on the veat bank of the Nanticoke Creek could 
further confIra the flov direction end hydraulic gradient northveat of the 
contoaiaatitd area of the golf couree. 
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The Enjoie .Golf Course la bordered pn the vest and northvest by inactive 
municipal landfllla. Although it is conceivable that the aource of 
contamination la one or more of theae landfilia.they, ahould-hot be considered 
the only possibilities. An alternative aource of eontamihation may be the 
illegal dumping of toxic chemicals. If the dumping occurred along,the Airport 
Road or the acceaa road to the aevage plant it votild be. difficult if not 
impoaslble, to distinguish this as a aource from.'toxic yaste buried in one of 
the adjacent landfllla.- . -• ; 

Thia uncertainty pointa out the need for future exploratory drilling. The 
drilling ahould be performed la tvo phaaes. The firat phaae ahould ba 
coacentrated oo the eaat aide of the Naatlcoke Creek. Well B-^ ahould be 
deepened and additional vella placed tp the;north and south of this site. The 
eecond phaae of drilling ahould focua oh the yest aide of Nanticoke Creek. The 
vella ahould be correlated irlth thoae containing cbataminatioh on the eaat 
bank, these additional vella vlll further determine aquifer geometry, 
delineate contamination and eatabllsh the potentiometric surface and flov 
direction in the vicinity of Nanticoke Creek. :-

A remedietloa plea to aiaiaise the effecta of cbataalaation on the vater 
aupply remaina a primary goal pf thia study. There eppeartp be three optlona 
vorthy of conalderatipn. The firat option vould.be to! aalntaia the preseat 
aeratioa aad aampling program. Since the inatallatioh/pf: air atrlpplng 
equipment, vinyl chloride concentrationa have not exceeded the NTSDOR guideline 
of 5 ppb. Saapling vould continue vhether pr not bther optipaa vere 
iapleaeated. The equlpmeat ie already in piece and the only additional coat 
vould be for the operation and Baiataaaace of the aeratipa equlpaeat. The 
dleedveatage of thia alternative is that It prpvldea for no other option but to 
cloee the veil if vlayl chloride or other cheaical coaceatratioaa reach 
critical levele;. ;..,.,-'.. ,\ 

The eecoad optiba vould be th<> treataeat of driaiciag vater efter it la 
vlthdraya froa the grpuad ead before it eatere the diatrlbutiba eyatea. Thia 
could be eccompllahed by the uae ol; e packed toyer eod/or en activated carboa 
filter. Thia type of ayatem vould iosure the reapval of chlorinated organlea 
froa drinking |yater. It bould be vaed aa. a eecbndary eyatea and only operated 
when viayi chloride levela exceedeii a predeteralaed value, v Or. all drinking 
vater could be, t>'^aced vith the eyk'Jrea and the present aeration equlpaeat vould 
reaaia- la place ee. e'back up eyatea.-'-. 

The third elteraatlve involvee the iaterceptioa.iind treataent pf 
contaalnation before it entera the iUnney Collector yell./ Thia vould be 
accoapliahed by the Installation of a purge veil. The veil vould be placed in 
a poaition vhere it yould Intercept contaalnation aigrating tovard the Ranney 
iVell. Present,infonoation indlcstea a purge yell could be located in the area 
betveen vella;B^3 and B-12 to accompllah thie teak, the yell could be designed 
to eerve a aultiple purpoae. During the apring, suioser and fall tha golf .3 
couree requirea vater for irrlgetion. Preeently, they are ueing auniclpal 
vater for ithie .purpoae. Diacharge froa the purge veil could be uaed for 
Irrigation, vhen required, and/or eereted end dlacharged to the Suaquehanna 
vhea not required, proyided thet effluent liaitatloha could be aet. Additional 
exploretory drilling Would be required, tp deteralne the vertical extent of 
contaalnation in addltioa to other factors critical for proper veil design. 
Tha purge veil could be used ee e priaary treataent â ethod and the in veil 
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aeratlon equipment vould be available if thia aystem failed or contaminant 
concentrations reached critical levels. 

The selection of e remediation plan vlll depend on the degree of 
confidence each eyatea or aystems promotes and the fiacal conatrainta under 
vhich a ayatem must be installed. It is the recommeadatloa of thia report that 
aa option be iapleaented vhich providea an alternative in the event one eyatea 
fells. Such en option vould exlat vith either the aecond or third elteraatlve. 
The vater productloa of the Ranney veil is crucial to the Village*a aupply 
eyatea. The continued operation of the Ranney Collector veil ie iaperativa. 
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VIII. Conclusions and Recomnendatlona 

1) The eource of the contamination la located veat or northveat of the Ranney 
Collector veil. Suspected sources, include the inactive municipal 
landfllla adjacent to the Enjoie Golf Course, and/or the Illegal dumping 
of toxic chemicala off roads at thie vest and northvest perimeter of the 
courae. It aay be impoaslble tb dlatinguish betveen these sources, 

2) The aquifer eupplylng the Ranney Collector yell consists of highly 
peraeable aand and gravel depoalta vith ..a eaturated thlckneaa on the order 
of 80 feet. The equlfer ie liaited;in ite northern extent, being bordered 
in large part by a aaaaive ailt and clay layer, but la extensive in ths 
eest-vest direction. Analyaia of the pumping test data indicatea a 
tranaalaaivlty for the aquifer of 120^000 gpd/ft and a coefficient of 
etorage of 0.007. The aquifara exhibit e good hydraulic connection vith 
the river, end efter ebout 20 ainutes." of pumplag. et 3700 gpm, the Raaaey 
veil is deriviag approxlaately 90 percept of ita vater jFroa recharge froa 
the river. 

3} The grouad vater flov directioa ia^tNeaoutbem portion of the golf courae 
, ie to the eeet ead eoutheest ia resjppase to the puapiag of the Raaney 
veil. There aay be underflov of grpund v a i a r from the veat aide of 
Neatlcoke Creek la reaponae to the pumplhg of the Raaney veil, hovever 
awre field teetiag vould be required to fIraly eatabliah tbia. 

4} The eource cheaicel(e) ie euapected of being tetrachloroethylene ead/or 
trichloroethyleae. These cheaicela uadergo rapid biodegradatloa to fora 
lover aoleculer veight chlorinated etheaes, ethaaes, and aethanes. These 
daughter producte aay be eubject to futther biodegradation. The resultlog 
array of coataaiaaata aay be found'to exceed the coaceatretioa of the 
perent coapouad eoae diataaea froa the^aource. 

5) The weekly aeapling program ahould be coatianed to iaaure eoBpliaace vith 
HTSDOH driaklag vater guidelinea. . . 

C^ The aeration prograa ahould be continued la an effort to aalataln 
eoaplleace vith NYSDOH driakiiig vatar guldellaee uatil aa elteraatlve 
reaedletioa progrea(e) ia eaected. - ' 

7) Periodic rev vater aaelyaee ehonld be coadacted oa the Ranney veil in 
order to deteralne the effectiveneaa of the preaent dlffuaed air eyatea. 

6) A rcaediatlon plan auat be choeen vhich providea the aecnrlty of an 
altemetlve option vhich aay be iapleaeated la the event of a aystea 
failure, or need in conjunctioa vith the priaery remedial plan if 
coataaiaatioa raachee critical levele. The aoet ettractive altenatlva to 
obtalB thie goal appears to be the inatalletloa of e purge vail to 
iatercept coateaiaated groundveter; Thie eltemetive could aerve a 
Bultiple purpoee for both the golf cpuree ead the Village of Eadlcott. 

9) Additioaal drilllag ead Bonitoring veil ioetalletioo ia adviaed. The 
drilllag ehould be coaducted ia tvo phaaaa. The firat phaae ahould 
iaclude iaatalletioa of aoaitoriag velle on the eeat bank of Nanticoke 
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Creek, and the aecond phase ahould provide for the Inatallation of veils 
on the vest bank complementary to thoae containing contamination on the 
eest bank. 

10) The continued operatlpa of the Ranney collector veil ie Imperative. The 
quantity of yater produced by the Ranney veil cannot be replaced by 
exiatlng vella in the Village of .Endicott *e veter eupply eyatea. 
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ClOUNO HATSa CLASSIFICATIONS 

QUALRT STANDABiS 
I 

.. ' ' . 1 AHD 

EFFLUENT STANDASOS ASD/tS LIMIIATIORS 

(Title 6, Official Coepllation of Codea, 
Sulee and Begulatlena, ?are 703) 

KEW T08K SIATB 

DBFABTMSIX 07 BIVIRONMENTAL CONSElVATZflR 

(Brreetiv« Saptesber 1, 1978) 
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Section 703.5 Classes and quality standards for ground waters. 

fal ClBBg GA 

(1) The best usage of Class GA waters Is as a source of potable vater 
supply. Class GA waters are freah ground waters found In the saturated 
sone of unconsolidated deposits;end consolidated rock or bed rock. 

(2) Quality standards fbr class GA waters shall be the nost stringent of: 

(1) the items snd specifications applicable to .such waters found In this 
section; . 
(Ii) the maxlmuin eoiitaminant levels for drinking water promulgated by the 
Cowmissloner of Health as found In 10 NYCRR Subpart 5-1, Public Water 
Supplies or any subsequent revision thereto or replacement thereof; 

(III) the maximum contaminant levels for drinking water promulgated by the 
Administrator under the Safe;Drinking Ueter Act (P.L. 93-523) : and 
flv) the Rtendards for raw water quality promulgated bv the Coirentssioner 
of Health as found In 10 NYCRR Part 170, Sources ot teeter Supply or any 
subsequent revision thereto or replacement thereof. 

• • • • - . ' - . ' . * • . ' . ' . . ' • ' • , • . 

(3) Tbe following quality standards shall be applicable te Class CA veters. 
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IteaS 

Sevege, induatriel waate or other 
waates, tasta or odor producing 
substances, toxic pollutants, 
therael discharges, radioactive 
substances er other- deleterious 
aMCter. 

The concentration ef the 
follovlng aubstances or . 
cheaicals: 

.(1) Arsenic CAs) 

(i) Barium (Ba) 

(3) Cadalua fCd) 

(4) Chloride (Cl) 

(5)* Chrealua(Cr) Hcxavalent' 

(6) (̂ pper (Cu) . 

( p Cyanide (CH) 

(B) Fluoride (F) 

(9) ' Feaaing Agents' 

(10) Iron (Fe)' 

Speeifieatiene 

1. Rone vhich Bay iapair tbe quality ef 
the ground Vetera to render thea 
unaafe or unsuitable for e potable 
water supply or which nay cauae er 
contribute to a condition in centra-
ventfea of standards for ether 
classified Vetera of the State. 

i. Shall not be greater than tbe liait 
specified, except where exceeded 
due to natural conditions: 

(1) 0.025 mgn 

(2) 1.0 ag/l 

(3) 0.01 a«/l 

(«) 250 ag/l 

(5) O.OS ag/l 

(6) 1.0 mgfl 

(T) 0.2 agM 

(8) l.S ag/l 

(9) O.S ag/l 

(10) 0.3 a«/l 
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( i l ) Lead (Fb) 

(12) Manganese (Ma) 

(13) Mercury (Hg) 

(1«) n i t r a t e (as H) 

(15) ^ e a o l s 

(IS) SelenluB (Se) 

(iT) S i l v e r (Ag) 

(18) Sulfa te (SQî ) 

(19) Sine (Sn) 

(20) pa Bongo 
I -

(21) Aldr in , or 1,2,3.4,10.10-hexachIere-
I.4.Aa.3.8.8a-hexahydro-endo-l, 4»e«e«S« 
S-diaetbanonaphthalene. T . : 

(22) Chlbrdehe^ .or l,2,A,S.&,7,8^8-eetachloro-
2,3,3a,4,7^7a>hcxahydro-4,7-aethaaoiadene. 

(23) t m , or 2 ,2-b ia- (p .eh lorophaayl ) - l . l , l -
: t r i cb le rea thane snd ae tabo l l t a s . 

(24) D i e l d r i e , o r {S,7-epozy a ld r in . 

(25) Endi^ie, or l,2,3,4.10,lp-heaaehlore>6.7* 
epoxy-l,A,44,5,6,7,8,6a-oct(<hydro-eodo-
l.ft-erido^rS^a-dtaethaabaaphttiilene.. 

(26) Heptachlor,rex l ,4,5,( ,7i8,8-hepteehloro^ 
3a,A, 7, 7a-?tetrahydro<r4,2-ae(;V;aooindene. 

;'and setabelitea.-- .-•.-'•"•;-" -".V 

(27) liadene and other Hexechlorocyelnhexenas 
or aixcd iaoaera of l,2^3;4,S,6-hexachloro-
eycloK'exane,"' 

' : • . - : / ^ ; ' • ' ' " - ; : - - ^ . . " - • ' ' ' . • , -

(28) Methoxychlor, or 2,2<'bliy(p-eethoxyphenyl)-
1,1,1-triuhloroctbane; 

(29) Teuphens (s aixturs of at Icvat 17S 
chlorinated-caaphene derivetivaa). 

(30) 2,4-Dichiorephenoxyaeatie acid 
(2.*-D) 

(31) 2,A,S«Trichloropheaoxyproptonfe acid 
. (2.4,S.tP) (Silves) 

(11) 0.023 mg/1 

(12) 0.3 ag/l 

(13) 0.002 ag/l 

(lii) 10.0 ag/l 

(15) 0.001 Bg/1 

(16) 0.02 Bg/l 

(17) 0.05 Bg/1 

(18)-250 ag/l 

(19) S Bg/1 

(20) 6.5-8.5 

(21) not detectable ̂  

(22) 0.1 ttg/1 

(23) eot detectable ' 

( i k ) not detectable ' 

(25) not detecteble ̂  

(26) net dotectebla ̂  

(27) not detectable ̂  

(2S) 35.0 ug/l 

(«> not detectable ̂  

(30) 4.4 ug/l 

C31} 0.26 ug/l 
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-58-(32) Vlayl chlerido (ehloroetbeae) 

(33) Banaaae 

(31} Benso(a) pyread* 

(35) Kepoaa or decachlorooctehydro-
l,3,4-s>etheaa-2H*cyelobota*(ed) 
pentalea-2-one (chlordeoae). 

(36) Folychlorlasted bipheayla (PCB) 
' (Aroelor) 

(37) Ethylene thiourea (EIO) 

• (38) ChlorofoxB 

(39) Carboa tetrachloride > 
(tetrachloroaetbaae) I 

(40) Peatochloroaitrobeaxeae (PCNB) { 

(41) Triebloroetbyleae \ i 

(42) Diphaaylhydrasise 

(43) bia (2-cbloroethyl) ether 

(44) 2,4,S-TriebloropheBoxyaeetic sold 
: (2.4.5-T) 

O S ) 9.3,7,8-Tetraehloredlbeuo-p-iiioxia. 
(TCOO) 

: (46) 2-Methyl-4-ehIorophenoxyeeetie acid 
. ""(HCFA) 

(47) Aaiben,, or 3-aBino«i2,5-dicblefobenseie acid 
(chloroaiban) 

(48) DIcaaba, or 2-Bathosy3,6-dIehlorobansoie 
-, s c i * - ' •"• -

(49) Alachlor, or 2-chlore-2*,6*-diathyl-8-
(aeth oxytBethyD-acataallide (Lesso)" 

(50) Sutaehlor, or 2-chlbre-'2*,6*-dlethyl-II-
(butoxyBethyl)-acetaaillde (Machete). 

(51) Propachlor, or 2-chlor-ll-ieopropyl-l-
aeetahillde (Roared) 

(52) Propoail, of 3^,4*»dichloropropioaonilida 

(53) Aldicorb, ̂ •Bethyl-2-(aethylthio) 
propioaoldehyde 0-(Bethyl. carboaoyl) oxia^ 
end BOthorayl ^-aathylthioacataidhyda £-
(aethyl-carboBoyl) osla%7 " 

(32) 

(33) 

(31) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

(«1) 

(*2) 

(«3) 

(M) 

S.O ug/l 

not detectable ̂  

not detectable ̂  

not detectable ̂  

0.1 eg/1 

aot detectable 

100 og/l 

S eg/1 

not detectable ' 

10 Bg/1 

eot detectable ? 

1.0 eg/1 

SS eg/1 

(45) 3.5 s 10 ~ ' eg/1 

(46) 0.44 eg/1 

(47) 87.5 Bg/l 

(48) 0.** » l / l 

(49) 3S.0 Bg/ l 

(50) 3.5 Bg/l 

(51) SS.e Bg/l 

(52) 7.0 Bg/l 

(53) 0.33 ag/ l 

S'g;'.: 
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(51) 

(55) 

(56) 

(57) 

(58) 

(59) 

(60) : 

(61) 

(62) 

(63) 

(64) 

(65) 

(66) 

(67) 

(68) 

(69) 

(70) 

(71) 

• -59- . 

Brooaeil, or 5>broBa-3-8ec-butyl-
6-Bethluracil . 

Paraquat, or l , l 'bdlaathyl-4,4*« 
dipyridyl i iB 

T r i f l u ro l i a , orAS>(?>trifluoro-2,6-
diBltro-R-dipropyl*p-toluldiae (TreiCloa) 

R i t r a l i a , or 4-(aethylBulfonyl)-2,6-
diaitro-N.N-dipropylantl iae (Plaaavla) 

Benef in , or H-butyl-H-ethyl.<,<*<.» 
t r i f luoro-2,6-diBitro-p- toluidiaa (Balaa) 

Asiaphoaisethyl, or 0,0-diaethyl-£-4-oxo-
l,3,S-bensotria8ia-S(7u)-ylBethyrphoaphor-
odlthioato (Outhioa) 

Siaclaon, or 0',0-diethyl 0-(2<>isopropyl-
4-«ethyl-6-p}TialdiByl)-p'Eosphorotbioote. 

Phorate (e lse for Blsulfotoa), br 0,0-
diethyl-£-^(ethylthlo)aethy^-ph6s7horo-
d i th ioa t7 (Thiaet &), end disulfotoa, or 
0 ,0-diethyl-S-^2-ethyl thio)ethyl7 
ph'osphoreditKloats (Di-Syataa 1) 

(51) 

(55) 

(56) 

(57) 

(58) . 

1 

(59) 

(60) 

(61) 

4.4 eg/l 

2.98 ug/l 

35.0 og/l 

35.0 ug/l 

35.0 Bg/l 

4.4 Bg/l 

0.7 ug/l 

aot detectable 

. Corbaryl, e r l-naphthyl-S-Mthylcarboaate 

Xlrea, or s iae ea l t a Of diaothyl-
dithioeorboaie ac id . 

perbea, oir iron aal ta of dlnethyl-
d i t h i o e a r b ^ i e ac id . 

Captaa^ or M-trichloroBethylthior4> 
cyelohexeoa~l,2'*<'i^'"^'''''^'*i''** 

Polpet , or N-triehloroottthylthlophth-
al isi ida. ' - : " -^•\ 

Bexechlorobensene (BCB) 

Paredichlorobeasene (FDB)(alao 
•rthodichlorobeaseno}, 

Porathion (aad Mathyl parathioa)^ or (69) 
(0,-0-diethyl-O-p-nltropheaylphosphorthloata, 
and se thyl porl thion, or 0,£-diaethyl»£-|;-
eittopheoylphosphorothioa'teT . 

Malathiea, er 8-1.2-bis (ethoxyeerbcayl) (70) 
eth^l-0,0-dijeeThylphospherodithioate. 

Moaeb, or-Bongonese aolt of athylaaa-bla- (71) 
dl thiocarbaslc acid. 

(62) 

(63) 

(64) . 

(65) 

(66) 

(67) 

(68) 

28.7 Bg/l 

4.18 Bg/l 

4.18 eg/l 

17.5 Bg/l 

S6.0 Bg/l 

0.35 ug/l 

4.7 Bg/l 

1.S Bg/l 

7.0 Bg/l 

1.75 ug/l 
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(72) Zineb, ee' sine oalt of ethyiene>bia-
di thiocarbaaic acid. ' 

(73) Dlthane, or s lacate 'of aangdneee etltelene< 
bia-dithiocarbeBOte. 

(74) Thiraa, o r tetraaethylthiureadisulflde 

(75) Atroaiae , or 2fchloro-4-ethylaaiao-6-
iaopropylanlao-S- t r le t iae . 

(76) ProposiBffi, or 2-chIero-4,6-dilsopsepyl-
. OBiao-S-esiasiBs. 

(77) S iaas ine . o r 2-cbloro-4.6-diethylaainer8-
'• t r i a s i n e . " -'i : ' 

(78) di-n-butylphtbalate 

(79) SI (2-etb7lhezyl) phthalate (DEBP) 

(80) Hexachlorophene, or 2,2*-sathylene-bia 
(3 ,4 ,6 - t r i ch lo r^beBol ) 

(81) Methyl BeUtoerylote 

(82) Paatachlorapbenol (PCP) 

(83) Styrene 

<72) 1.73 og/l 

(T3) 1.75 Bg/l 

(71) 1.75 e g / l 

(75) 7.5 Bg/l 

(76) l« .0 Bg/l 

(77) 7S.2S e g / l 

(78) 770 o g / l 

(79) 4.2 Bg/l 

(•0) 7 eg / l 

^•^> 0.7 BgA 

(82) » l e g / l 

(83) 931 eg / l 

Potest 

2 . 
3 . 

Poaatag ageets deteznined ss aethyleae blae ac-^ive aiibatancea (KBAS) 
or other t e s t s , as spacifiad by the Cosmissiene:'. 
Coabined eoncAntrotion of i tbn and aangaaase s t a l l not exceed O.S a g / l . 
•ilot de tee tabla" aaaaa Iqr taa ts or aaalytieal^Vitanaiaatleas refereaeed 
in 'Section/703«4. . : - ' 

* .^ ; . ^ ;5 j>^ ' . 
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Appeadlx B 

Lege of Selected Welle 
ead boriaga 
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Test Hole 11 (B-l) 

Depth: 70 f t . 

-tv-
.ft 

-I' " 

I , " 

0-16 ft. 
16-175 
17.5-22.5 
22.5-27.5 
27.5-52-5 
52.5-70 

Teat Bole #2 (B-2) 

Depth: . 60 ft. 

0-5 ft 
5-15 
15-35 
35-45 : 
45-55 V 

35-60-

test Hole #3 (B-3) 

Depth: 60 ft. 

0-9 ft. 
9-15 
15-45 

45-55 ' 
35-60 

-62-

Appendlx B 
Loga of Nonitorlng Wella and Test Boringa 

Bottom of 5 ft. acreen aet at 60 ft. Saopled at 5 ft. 
intervala ' 

Brown fine sand, eoae eilt, trace of clay 
Gravel, aedlua aand 
Brom aedlua sand 
Brovn aediun sand, aedlum-flne gravel, wet 
Broun aedium-coarae sand, aedlua coarae gravel 
Saae vith a trace of clay . 

Waterlevel 29*3" 

L 

p c o " Ol 

«> rt 2 " o [ 

f ^-»=^1 
o. ••<» £5 rt-« 

e-p 5-»« 

= «» rt-=| 
3 '•2'5:1 p 3-5-3 ! 
3 P " P I 
ff-^ C O i 

p I 

Bottoa of 5 ft. acreen aat at 60 ft. Saapled at 10 ft. 
.intervala.- -

Tan aolat ailt, trace of fine eand 
. B^ownaedlua-fine gravel, aoae eand, trace ailt 

Brovn aedlua-coarae aand. aedlua gravel, traca ailt 
KedluB gravel, soae aand, vet 
Gray aedlua-coarae sand, fine aedlua gravel, trace 

• ".^.•oilt^ • " 

Gray brbyn aediua-fine aand, trace eilt 

, •:'• Water level 28'1" 

Bottoa of 5 ft. ecreen eet at 55 ft. Saapled at 10 ft. 
-'int'^^Bla ' • .. 

:' Browa fine ailt 
Browo coarse-aedlua aand', aone aedlue-fine gravel 

V MedluB-fine gravel, aoae.aedlua-fine brown aaad, vet 
/-•;-at -21.5 ft.".;-''";-;..-' 

, ; : Gravy-brovaaediuia-fine saturated aand, trace gravel 
Broya saturated fine aand, trace coarse aand 

Water level 23'8" 

'SiV.ii-^'-.;j!t.,J--'--.'- •-

m>M ;̂̂ -'̂  I: 
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Test Hole 14 
Depth: 

0-10 
10-28 
28-30 
30-40 
40-50 

Test Hole #5 

Depth: 

0-18 
18-30 

30-42 

42-50 

Test Hole #6 

Depth: 

0-15 
15-25 
25-41 
41-50 

feft Hole #7 

Depth: 

0-18 
18-19 
19-50 

(B-4) 
50 ft. Bottoa of 5 ft. screen set at 50 t t . Sanpled at 10 ft. 
intervala 

ft. Brown clay. 
Gray clay, soae silt 
'Gravel.' 
Brown fine aand 4nd ailt, aooe clay 
Gray aedlua-flne aand, trace aedlim gravel, vet. 

Water level 15'11" 

(B-5) 

50 ft. Bottoa of 3 ft. acreen aet at 50 ft. Saapled at 10 ft. 
:• intervala •: -

ft.* Brown fine-aedlua sand, aoae gravel 
Medium-coarae gravel, brovn fine aand and ailt, trace clay, 
v e t :"- • - " ' • , ' ' : -

Flne-coarae gravel, brovn f^ae-eoarae aaad, ailt, clay, 
denae (till?) 
Medium-^coarae gravel, fiae brova aaad, ailt, clay, looaer 
thaa ebove ead vet 

Water level 16* 

(B^) 

50 ft. Bottoa of 5 ft. screen eet ot 40 ft. Sampled at 10 ft. 
' , intervele ' ' 'K./ '\ '. ^ 

ft. Brovn aediuB-coarae sand, fine-aediua grayel, vet at 10 ft. 
Brovn fine-aedlua aAndf aoae red clay end ailt 
Brovn fine aand, flne-coarae gravel, aoae eilt 
Gray clay \' -

V ̂  Weter le\il 23'4" 

( B - 7 ) ' , - : , , / • ; ' . y v , - : > : ' ; . ; • - . - • • • : > • ' : • • • . • : , ! ' - : - ' ' ^ 

50 ft. Too little voter for eaapllng. Hole abandoned and 
backfilled. 
Saapled at 10 ft. intervala , 

ft. Groy-brovn ailt, .ilttlo cloy ; 
Medltna grovel, vet: 
Cray'Cloy •',. 

L - • • • • ' . • • 
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Test Hole #8 (B-8) I 

Depth: 40 ft. Bottoa of 5 ft. acreen aet at 28 ft. Saapled 10 ft. 
intervala to 20 ft., continuous aampling to 30 ft. 

0-5 ft. Brovn eilt 
5-24 Brovn ailt 
24-26 Medium-coarse gravel 
26-28 Medium gravel aad coarae brovn aand 
28-40 Gray clay 

Water level 24*4" 

Teat Hole #9 (B-9) 

Depth: 50 ft. Bottoa of 5 ft. ecreen eat ot 50 ft. Soapled ot 10 ft. 
intervala 

0-17 ft. Brova flat ellty eaad, little cley ' 
17-41 Gray ailt,'aad clay 
41-50 Gray fine-aedlua aaad, vet ot 42 ft. 

Toot Hole #10 (B-10) 

Water level 20*2" 

•'.•' I K ' : -: ' 

Depth: 52 ft. Bottoa ef 5 ft. eereea eet at 50 ft. Saapled ot 10 ft. 
intervala 

0-5 ft. Brova dcaae lilt 
5-36 Madiua-coarae gravel, brova fiae-aediua eoad, eoae eilt, vet 

ot 30 ft. 
36-51 Brovn aediur-fiae eoad, aoao ailt 
51-52 Gray cloy 

'' • • -t' '•- .'•- ' -' •' -.' ' Wotor lovel 26'7" ' ' 

Teet Hole #11 (B-ll) i i ^ 

Dapth: 65 ft. Bottoa of 5 ft. eereea aet ot 65 ft. Log froa cuttiaga. 

0-17 ft. Brova fiae ellty eaad, little cloy 

17-41 Groy ailt, oad cloy 

41-65 Cray fiae-Bodiua eoad 

It-
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Log froa cuttiaga. 
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Teat Hole #12 (B-12) 
• . ' / 

Depth: 65 ft. Bottoa of 5 ft. acreea set ot 65 ft. 

0-tlO ft. .Brovn fine aand 
10-20 ;Oray clay and ailt 
20r65 Gray fine anad, and graval 

Taat Hole #13 (B-13) ' 

Depth 65 f t ; Bottoa of 5 ff. ecreen eet e t 63 f t . Log froa cutt iagc. 

t T J S 3 
S C O 

S. ^ 5̂  e rt i 

l?:3 
p 3 - 5 - 3 
3 p " p 
r t l a < 

0-5 f t . 
5-10 

10-40 
40-65 

4205 30 7604 49 

Brova fine eand and eilt 
Brovn fine aand and bright aedlua grayel, trace ailt 
Bright fine to aedlua gravel, soae brovn fine to aedlua aand 
Brovn aedlua eand, eoae fine gravel -

Test Borings 

Depth: 135ft. 
I :' -

0-30 ft.\ 
30-40 
40-135 

4205 10 7605 20 

Clay, gravel, oad eoad 
Soad oad gravel 
Cloy 

..Depth: 71 ft,.?''. ',-'".:..:'''--

0-6 ft^ Silt, brova, aedlua, aoae vegetotfiiaii ^ 
6-:19 Cravel aad coarae aaad. trace eilt* flrabrowa 

19-456 MediuB to fiae aaad, gray, fira 
56^71 Madiua gravel, eoae ailt, coapoct, brova 
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Baaaey Well 

Depth: 9 

0- 8 f t . 
8-25 f t . 

25-35 f t . 
35-53 f t . 
53-60 f t . 
60-75 f t . 
75-79 f t . 
79-82 f t . 
82-96 f t . 
96-97 f t . 
97- f t . 

Gray clay and .ailt, ahd.vegetation 
Gravel, pebbles and cobblea, and aedlua to very coarae aand 
Blue clay and ailt. With aoae grayel and aand 
Gravel pebbles and cobbles, and flna to very coarae aand 
Pea gravel, coarae aand, oome cobblea 
Clay, eilt, and fine to aedlua ooad 
Gravel, chiefly cobblea 
Sand, fine to very coarae, gray, pebbly 
Gravel, pebbles and cobbles and fine to very fine coarae aand 
Clay, ailt,.sand, gravel; hard 
-Rock 

Kelley Well 

Depth: 100 ft. 

0-10 ft. Clay and eoad 
10-20 ft. Grovel, coorao 
20-60 ft. Sand, fine and gravel 
60-71 ft. Gravel, coarae, auch valuer 
71-89 ft; Gravel, coarae, end bou~dera 
89-93 ft. Sand, coarae, and clay 
93-100 ft. Gravel, auch voter 
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Appendix C 

29 Priority Pollutonto Anolyzed for 
ia EPA Method 601 
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APPENDIX C 

29 Priority Pollutants Analyzed 
for in EPA Method 601 

Chloroaethane 
BroBoaethane 
Vinyl Chloride 
OichlorodlfluoraethaBe 
Chloroethaae 
Trlchiorofiuoroaethaae 
Dlchloroaethaae 
1,1-Dlchloroethaae 
1,1-Dichloroethane ^ 
Traas-1,2-Olchioroetheae 
Chlorofera 
1,2-Olcbloroethaae 
1,1,1-Trichloroethaae 
Carboa Tetrochlorid|e 

Bromodichloromethaae 
1,2-Dlchloropropaao . 
Trana-1,3-Dlchlpropropeae 
Trichloroethyleae ' 
Dibromochloromethane 
Cia-l,3-Dichloropropene 
1,1,2-Trlchloroethane 
2-Chloroethylvlnyi Ether 
BroBofora .̂-
1,1,2,2-Tetrachl6roethana 
Tetrachioroetheae 
Chlorobeazeae 
1,3-DIchlorobenzeae 
1,2-Dichlorobeazeae 
1,4-Dlchlorobeazeae 

erxs 3 5- 3 e | 
p c o 0 6 

5-H.S:5-§ 
r*** " I?! 
5- ° rt £2.11 
m _ • "* 

• ?• rt- P a . ta 
o ^ P =3 
ct r t - . ^^ 

i ** • • ^ 
^ r t s r — 
P 3- 5 - 3 
3 P p r t <g 

a 

z 
d 
d 
d 



j - g - ^ j e - v • * 
i r 

-M.f^^t^^^i i ''* 
H i 

-^ [^ -? 

' l - f . 

••JlSSJjKfev-, j . . 
".|?SS'.t&^$.U',-

v;-".|. 

:J 

L 

-69-

Appeadix O 

Laboratory Aaalyaea of Crouad 
Water Saaplea . 

(Organic Coastitueate) 
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Appendix E 
Results Taken on July 20, 1983 

(unileaa othervlse aoted sample reaulta are 
recorded in mlligrama/liter) 

- ' - - foraeotoy "' 

•'liae .-; 
Laad,Tbtol 
JBerylliua^ Total 
Copper, Tbtol 
Mickel, Total 
Silver, Totol 
Mercury* 
Cadalua, Total 
Aatiaoay, Total 
Chroalua,; Totol 
.Tholliua, Total 
B.O.D; 5 Day 
•pH . 

Moagaaeee, Total 
Iroa, Totol 
Hltrogea, Aanoaio 
Hitrogea, Nltrota A Nitrite 
Sodlua, Totol 
Chlerido."'.' 
Bordaeaa, Totol oa CaCb3 
Alkalialty to pH 4.3 
'Fotaaaiua,'-'totol 
'Sulfate"'aa 8o4 
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Saieniiia, Total* 
SediuB 
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O.ll 
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< 1. 
<0.1 
<l. 
2.7 
7.8 
1.1 
32. 

0.23 
0.30 
22. 
32. 

214. 
182. 
3.3 
24. 

250. 
15. 
38. 
16. 

429. 
< 10. 

22. 
< 0.5 

12. 
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0.58 
0.3 
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0.40 
0.34 

<0.02 
1.1 
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<0.1 
<1. 
3.1 
7.5 
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- 34. 

0.90 
0.41 
19. 
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19. 
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<10. 
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<0.5 
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